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ON THE CHANGE OF HEAT TRANSFER INTENSITY THROUGH A 
DIELECTRIC I N  AN ELECTRIC FIELD 

I .  Y a .  Balygin 

ABSTRACT. A s  a resu l t  of experiments i t  is discovered t h a t  
t h e  r a t e  o f  heat  exchange of a metal bar w i t h  t h e  ou ts ide  
medium through a d i e l e c t r i c  decreases w h e n  a permanent external  
e l e c t r i c  f i e l d  i s  switched on. A physical explanation is 
g i v e n .  

We w i l l  examine the  me ta l l i c  rod placed i n  a d i e l e c t r i c  and continuously /113* 
heated t o  a temperature tl. 

through t h e  d i e l e c t r i c  i n t o  the  surrounding medium. Let t he  temperature of 
t h e  surrounding medium be T. 

The heat  generated i n  t h i s  rod is d i s s ipa t ed  

The temperature i n  t h e  d i e l e c t r i c  drops from t , 
a t  t h e  sur face  of i t s  contact  with t h e  rod 

rounding medium. We w i l l  assume t h a t  t h i s  
t he  s t r a i g h t  l i n e  l a w .  I t  is  obvious t h a t  
hea t  equi l ibr ium w i l l  be es tab l i shed  a f t e r  
i s  charac te r ized  by a constant temperature 

I 

t o  t2 a t  t h e  boundary with t h e  sur-  

drop takes p lace  i n  accordance with 
when the  rod i s  continuously hea ted ,  
a c e r t a i n  time. This equi l ibr ium 

t2. How does t h i s  temperature and 

t h e  condi t ions of h e a t  exchange i n  t h e  system change i f ,  with a l l  o the r  condi- 
t i o n s  be ing  equal ,  w e  apply a constant e l e c t r i c  f i e l d  with vol tage E t o  the  
d i e l e c t r i c ?  

I t  i s  c l e a r  t h a t  po la r i za t ion  w i l l  t ake  p lace  i n  t h e  d i e l e c t r i c .  I f  t he  
d i e l e c t r i c  i s  polar ,  then  each of  its dipoles forms a p a i r  o f  forces  which w i l l  
tend t o  t u q  the  d ipole  i n t o  t h e  d i rec t ion  o f  E.  In  the  case of a non-uniform 
f i e l d  t h e  pondermotive force i n  the  d i e l e c t r i c ,  i n  r e l a t i o n  t o  u n i t  volume, 
w i l l  be ,  as we know, 

VE2. f = -  E -  1 
8% 

This force  tends  t o  s h i f t  the d i e l e c t r i c  i n t o  the  region of t he  g rea t e s t  
vol tage of t h e  f i e l d .  

I t  might be assumed t h a t  i f  t he  voltage of the  f i e l d  and the  temperature 
i n  t h e  metallic rod a r e  maximal, then the  i n t e n s i t y  of t h e  hea t  t r a n s f e r  
th rsugh t h e  d i e l e c t r i c  w i l l  be reduced, s ince  t h e  appl ied  f i e l d  w i l l  tend t o  
lower t h e  amplitude of hea t  o sc i l l a t ions  of t he  polar ized  atoms and molecules, 
and a l s o  of the  constant  dipoles .  For t h i s  reason t h e  temperature t2 should 
be reduced t o  some exten t .  F o r  the purpose of t e s t i n g  t h i s  assumption we con- 
ducted experiments with high-voltage cables according t o  the  diagram i l l u s t r a -  
t e d  i n  Figure 1. 

* Numbers i n  the  margin ind ica t e  pagination i n  t h e  fore ign  t e x t .  
1 



Figure 1 .  Diagram o f  Experiments for Establ ishing t h e  Effect  of 
Reduced Heat Transfer  I n t e n s i t y  During t h e  Application of an 

E l e c t r i c  F i e l d .  

The in su la t ion  of  the  cable ,  which was 120 mm i n  th ickness ,  cons is ted  
of a s l i g h t l y  p o l a r  d i e l e c t r i c ,  i . e .  cable pap~xr, ,permeated with an oifil-colo- 
phony compound. 
of t h e  cable  6 m i n  length had a bare  lead coating. 
wire (k) were connected (bolted) t o  soldered copper terminals  by a connecting 
cable  (n) ,  which w a s  a l s o  made of copper w i r e s  of the  same cross-sect ion.  We 
thus  formed a closed contour (loop). 
disconnected and in su la t ed  from t h e  cable by t h e  porce la in  couplings (m). This /114  
coa t ing  was grounded during the  experiments. 
core of  a spec ia l  load t ransformer (T ), which had one primary winding (P) , 1 
which was connected t o  the  e l e c t r i c a l  c i r c u i t  by an autotransformer.  In t h i s  
arrangement t h e  closed contour, cons is t ing  of t h e  core of t he  cable  and t h e  
connecting cable ,  represented t h e  secondary winding of  t h e  t ransformer (T1). 

For  t h e  purpose of hea t ing  t h i s  core ,  large load 
were passed through it. 
be fo re ,  w a s  open, t hese  cur ren ts  d id  not flow through it. 
load cu r ren t  w a s  measured by Dietz forceps and w a s  maintained constant (constant  
source o f  cable  hea t ing)  during the  experirnefit . 

The conductor core consis ted of wound copper wires .  A segment 
The ends of t h e  copper 

The lead coa t ing  of t he  cable remained 

The cable w a s  p laced i n  t h e  i r o n  

cur ren ts  of low vol tage 
Since t h e  lead coat ing of  the  cable ,  a5 w e  mentioned 

The force  of t h e  

Heat equi l ibr ium, i . e .  t he  s t a t e  where t h e  quant i ty  of hea t  l i b e r a t e d  i n  
t h e  core  i s  equal t o  the  heat  d i ss ipa ted  by t h e  coat ing o f  t h e  cable ,  was 
e s t a b l i s h e d  a f t e r  about f ive  hours. After  t h i s  time t h e  temperature of  t h e  
lead coa t ing  became constant .  
c o l l a r s ,  which densely compressed the  coat ing of  t he  cable (1, 2 ,  3 ,  4 ) ,  i n  
s e v e r a l  p laces  on the  covering on both s ides  of t he  load transformer.  We used 
a galvanometer, which w a s  connected t o  the  hea t  r e s i s t ances  
- br idge  c i r c u i t ,  t o  record t h e  temperature. As a check we placed seve ra l  
mercury thermometers on the  lead coating. 

We placed hea t  r e s i s t ances  i n  the  form o f  

by a 
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After the  hea t  equi l ibr ium was es tab l i shed ,  where the  temperature of t h e  
coating of t he  cable was constant fo r  one hour (about 6 hours a f t e r  t he  s ta r t  
of t h e  t e s t )  f o r  a constant load current ,  a constant  vol tage of 100 kv was 
de l ivered  from t h e  rect i f ier  B (see Figure 1) t o  the  core  of t h e  cable  without 
switching o f f  t he  load cur ren t .  
transformer T2,1imiting r e s i s t ance  r ,  kenotron c and condenser e with a capaci-  

tance of 0 .1  pf f o r  smoothing out  t h e  vol tage f luc tua t ions  during s i n g l e  h a l f  
per iod  r e c t i f i c a t i o n .  

The r e c t i f i e r  cons i s t s  of a high-voltage 

If t h g  e l e c t r i c  f i e l d  had no e f f ec t  on the  hea t  conductance 
of t h e  permeated cable paper,  t he  temperature o f  the  covering, as before ,  would 
remain cons tan t .  Systematic measurements, however, showed t h a t  when the  
constant vol tage of 100 kv r e l a t i v e  t o  the  grounded lead covering was appl ied *to 
the  core of t h e  cable ,  t h e  l a t te r  cooled not iceably .  
t i o n  of the  temperature of t he  covering a r e  shown i n  Figure 2. 

The curves of t h e  va r i a -  /115 
These curves 

were constructed f o r  two values  of low cu r ren t ,  
330 and 280 a. The temperatures of the  coa t ing  
t2 thus  e s t ab l i shed  were 35.8 and 30.8"C, respec- 

t i v e l y .  We s e e  from these  t h a t  f o r  a l o a d  cur ren t  
of 330 amps the  temperature dropped by4'C, and f o r  
280 a ,  i t  dropped 2*C a f t e r  10 min i n  both cases .  

Figure 2. Curves of Varia- 
t i o n  i n  Time ( m i n u t e s )  of 
Temperature ( " C )  of the 
Lead Coating of t h e  Cable 
a f t e r  Switching On ( I )  and 
a f t e r  Switching Off ( I  I )  
Constant Voltage 100 kv. 

After a pe r iod  of 40 minutes t h e  high 
vol tage was switched off while t h e  load cu r ren t ,  
as e a r l i e r ,  was maintained. The temperature of 
the  coating o f  t h e  cable again increased t o  t h e  
i n i t i a l  temperature. 

We might po in t  out i n  conclusion t h a t  it 
appears, probably,  t o  be advisable t o  consider  
the  e f f e c t  of t h e  change i n  the  i n t e n s i t y  o f  hea t  
t r a n s f e r  during t ransmissions of  e l e c t r i c a l  
energy by constant  vol tage through underground o r  
underwater cables .  Af te r  some cooling of t h e  
lead coat ing,  a reduct ion i n  t h e  i n t e n s i t y  of  
the  d i s s ipa t ion  of t h a t  from t h e  core r e s u l t s  
i n  its fu r the r  hea t ing .  
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